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© Ceramic heat exchangers and production thereof. 

© A ceramic heat transmission type or regenerative heat exchanger (2) comprises a plurality of matrix 
segments (1) bonded together with a bonding material. Difference in coefficient of thermal expansion between 
the matrix segments (1) and the bonding material is not more than 0.02% at 800 " C, and a Young's modulus of 
the bonding material is not less than 0.4 time to not more than 1.8 times that of the matrix segment (1). A 
process for producing ceramic heat exchangers (2) comprises the steps of extruding and firing honeycomb 
structural segments in which a crystalline phase is mainly composed of cordierite and a coefficient of thermal 
expansion in an extending direction of flow channels is not more than 0.06% at 800*0. machining an outer 

<r- periphery of each of the segments (1), coating the bonding material around the outer periphery of each of the 
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.segments (1), bonding the segments (1) together, and drying and firing the bonded segments (1). 

FIG. I 




Xerox Copy Centre 



<PP rtt61R83A1 i > 



EP 0 361 883 A1 



CERAMIC HEAT EXCHANGERS AND PRODUCTION THEREOF 

s JZeZT^:T:::^ ™^:v s T n9ers z a r exce,,ent heat 

process thereof. Sh ° Ck res,stance - ™* «he invention also relates to a production 

s ^L?s.±sx^ is 0 rz exce r ^ shock ngk 

Publication No. 6l.5t.240 (U.S. Patit 4 304 585 and U S Z^s^sT^ * "~« 
bonded together with a ceramic-bonding material Savino aim ITLl'H 1 m3tr ' X Segments m 

segments and a difference in coefficienT of mLr^Ti a,most th< ? same composition as that of the matrix 
segments is not more than 0.1o// a t 8lo ? C eXPa " S, ° n D6tW6en 1,16 bondin 9 mate " al «* *• 

'0 Further, Japanese patent publication No. 47-14.838 (US Patent 3 634 m > w , 

cement consisting mainly of LbO At,0, SiO, r n 3.634.111) d.scloses a foamable 

In addition. U.S. Patent I £ T' 4 335 783 d scroti ? 35 3 " ex f m P |e of the "^mic-bonding material, 
bonded portions are discontinuous Pr ° C8SS f ° r Pr ° dUdn9 heat changers in which 

- — and 
obtained. However since th* mtan, r^o«« *■ u * uyrao,y exc e»ent thermal shock resistance can be 

-trix segments^hems:,::: Zs\ ^^tSZ^SZ^nTJ^ *°* * 
bonding material exhibiting low thermal expansion such ^ 2' h necessary to employ the 

• bonding material exhibiting low mJmS Tex^on * J "?« ' exchan 9ers possess problems in that the 

- strength is grea , and ^JJJ^^^^^^^ ■** ■* variations in bonding 

Patent 3 634 n e ir f hon!* f0ama ? 8 diSC '° Sed in Japanese Paten t publication No 47-14 838 (US 

H^^^^^U^t' h9at e K PanSi0n Sm3 " ^^^e c Joe obtained: 
.sufficiently crysta^^^ J- tamable cement is 

* coefficient of thermal expansion of the bonded t^onsln^Z^Zt?^ , I S ° th6 

change in heat expansion during isothermic aSna at 1 3 d,men S'onal change and a 

ceram, m atr , product wil, unfavo^yT^^^ S££~*- ** 

30 bending material and me sen men ts L «21 I 3 t0 163360 difference in tem perature between the 
-prove thermal ^el^^tZ^Z cX^T^T™ ° f ^ '* '° 

tha ;Ta^rcro7th bonded product in * v c ™ i^ssr is unfavorab,y poorer 

»~2Z£?1 * ^'S'lSS: 2 ™ - - ceramic 

35 shock resistance. The ZsSonTa^lo Z^l r !' ^ '° SS ' 3nd excellent the ™' 

The ceramic heat exchangers ScSdZ to IT 1°' ^ C6r3miC neat changers, 

heat exchangers or ^^Tt^Zil the present mvention are ceramic heat transmission type 

expansion between Z segments ^T^Zina ^ !^ th3t differ6nC6 " COef « Cient of the ™ al 
Young's modulus of the bonTg mate^Ms no ^ less thLTo I'," 01 T* *" ° ° 2% * 8 °°' C - that a 
<o matrix segments. 3 " 0 4 t,me ,0 not more than 1-8 times that of the 

component of a cry SLe SSThS^^T^ StrUCtUra ' S69mentS in Whicn a main 

direct.cn of flowing channel Tefn not ^^To^^JZ^J* ^ e * p3nsi °" * • 
coatmg a bonding materia, on the outer peripheries and bondinn 9 6 ™~ peripheries the ™* 

fired, the bonding material having a thermTsxZn^n 9 , ^ se 9 ments - wh ich are dried and 

more than 0.02% at 800 ' C aZr the ST I IT ^ ' r ° m th3t of the matrix ^ents by not 

0.4 time to not moS than ^.sT^lTofZ maTx S ^ ° f « '*» 

mo^^t^T^'^riTEr ^'h COef,iCi6m °' th6rmal «P— « of not 

d.fference in coefficfent of thermal elTZin ZT *1 b ° nding m3teri3 ' Whicn nas the specified 
W h,ch has the speeded Vounl ' T Se9mentS ^ th6 b ° ndin9 m3t ^ a '' and 

•s prevented so that the ceramic heat exchano^ Tnerebv ' stress concentration upon the bonded portions 
The present invent is IZToZZ ZT^T "* ™ * 

These and other optional features and advantages of the invention wil, be appreciated upon reading o, 
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the following description of the invention when taken in conjunction with the attached drawings, with the 
understanding that some modifications, variations and changes of the same could be made by the skilled 
person in the art to which the invention pertains. 

For a better understanding of the invention, reference is made to the attached drawings, wherein: 
s Figs. 1 through 3 are views of embodiments of the ceramic heat exchangers according to the present 

invention. 

First, the limitations made in the present invention will be explained below. 

The reason why the difference in coefficient of thermal expansion between the matrix segment and the 
bonding material is set at not more than 0.02% at 800 "C is that if it exceeds 0.02%, thermal shock 

io resistance of the bonded portions will not meet the range aimed at in the invention. On the other hand, the 
reason why the Young's modulus of the joined portions is limited to not less than 0.4 time to not more than 
1.8 times that of the matrix segment is that if it is less than 0.4 time, strength of the bonded body itself is 
far weaker than that of the matrix, while if it exceeds 1.8 times, the thermal shock resistance of the bonded 
portions does not meet the intended range in the present invention. 

75 In the case of LAS glass, the intended coefficient of thermal expansion of the bonding material can be 
attained by adjusting the composition to 55.0 to 78.0% by weight of Si0 2 . 12.0 to 25.0% by weight of 
At 2 03. not more than 0.2% by weight of each of Na 2 0 and K 2 0, 1.0 to 3.0% by weight of CaO, and 3.0 to 
6.0% by weight of U2O. The Young's modulus of the bonding material can appropriately be adjusted by 
adding into the bonding material a given amount of a foaming agent which forms pores after firing, such as 

20 graphite, carbon powder or resin beads. Any one of the above-mentioned processes is a favorable process 
for attaining the coefficient of thermal expansion and the Young's modulus as desired. It goes without 
saying that so long as the coefficient of thermal expansion and the Young's modulus of the bonding 
material can be obtained as desired, any process may be employed. 

In order to obtain rotary regenerative ceramic heat exchangers by the producing process according to 

25 the present invention, a green body is extruded in the form of a honeycomb structural matrix segment 
having a triangular, rectangular, or hexagonal cell shape or the like, which is then fired. Thereafter, as 
shown in Figs. 1 through 3 by way of example, a plurality of such segments 1 in which as main component 
of a cordierite has a coefficient of thermal expansion of not more than 0.06% at 800 "C are machined to 
produce an integrated rotary regenerative ceramic heat exchanger 2 therefrom, coating a ceramic bonding 

30 material as an LAS based amorphous glass powder having a chemical composition consisting mainly of 
U2O, At 2 03. and Si O2 upon the segments in such a thickness to be 0.1 to 6 mm after firing, fully drying, 
and then firing at 1,100 to 1.200*C for 1 to 4 hours. Thereby, the rotary regenerative ceramic heat 
exchanger can be obtained. 

It is possible that the difference in coefficient of thermal expansion between the matrix segments and 

35 the bonding material and the Young's modulus of the bonding material are adjusted to not more than 0.02% 
at 800 *C and 0.4 time to 1.8 times that of the matrix, respectively, by adjusting the composition of the 
bonding material, such as Li 2 0, Al 2 C>3. and Si0 2 and adding the foaming agent thereto. 
Now, actual examples of the present invention will be explained. 

40 

Examples 

By extruding a green body, segments A with cells each having a long side of 1.2 mm and a short side 
of 0.8 mm and segments B with cells having a long side of 1.0 mm and a short side of 0.5 mm were 

45 shaped. The wall thickness of the segments was 0.1 mm. Then, two kinds of matrix segments of 130 x 180 
x 170 mm were prepared by firing the above segments at 1.400* C for 6 hours. At that time, 35 x 6 of the 
matrix segments were obtained for each kind. The outer periphery of each of these two kinds of the 
segments was machined to give an integral rotary regenerative heat exchanger after bonding. Next, a pasty 
bonding material was applied to portions of the segments to be bonded in such a thickness that the 

so thickness of the bonding material after the firing might be 1.5 mm. Then, the segments were bonded, which 
were fully dried and fired at 1,150*0 for 2 hours. The above pasty bonding material was obtained by 
adding 2.0, 5.0, 10.0, 2Q.0 or 30.0% by weight of graphite as a foaming agent to an LAS based amorphous 
glass powder having a chemical composition of 70.0% by weight of Si0 2 , 24.0% by weight of AI2O3, 4.3% 
by weight of Li 2 0. and 1.5% by weight of CaO, and further adding an organic binder and water thereto. 

55 Thereby, an integrated rotary regenerative heat exchanger having a diameter of 700 mm and a thickness of 
70 mm was obtained. Furthermore, for the comparison purpose, a conventional rotary regenerative heat 
exchanger was prepared in the same manner as mentioned above by using a bonding material to which no 
foaming agent was added. 
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shock resistance-evaluating test and a fraeZ" " . "wasunng the Young's modulus. A thermal 
at a bonded portion. res P ecte. y SSTITtSS? tT* ° Ut f ° r an and 

evaluated based on the mL^JJS^SSi 22. thefma ' ^ W3S 

from an electric furnace after having been h el d 7 n T^, r T " 0t CfaCked even when extra «ed 
determined by preparing a sample having 4 ? J n P ° Cat '° n ° f the furnace " Fracture «•« was 
center, and eating a ^^3^^*^" "!** * ^ ^ WaS '° Cated at the 
such a direction that long side of * IVeUs ^Zr^T'l " ,he maWx W3S measured in 

sample. A loading direction waS para.lefwit he S, chants ' "* ^ '° n9itUdinal M<m ° f the 
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difference in coefficient of thermal expansion an the in v " USin9 the b ° ndin9 material with 
therma, shock resisting temperatures and i fre^ C e fromtf rT^* " fpeCHtod ^ hi 3 he ' 

As ,s clear from the above-mentioned e^nZ 7 ! b ° nded portions - 

production process thereof in the T^^ToTZ ceSSJat T ^ ** 
shock resistance can be obtained by using the oondtnn 22 , exchan 9ers having excellent thermal 
segments. V US,ng the bondm 9 ma,e ™' surted for the properties of the matrix 



Claims 



coeff.cient of thermal expansion between the maS „ d ' n9 mater,ar wherein a difference in 

0-02% at 800" C and a Voung's Tf^^ZZ^ ^ ^ ^ * ™* than 

1 -8 times that of the matrix segments 9 ** ' 3l ' S n0t leSS tt1an 0 4 ,ima to not more than 

^^^^^ Z£ttt£* -P^ing the steps of extruding 

cordierite and a coefficient of *rnm?Z£^££££ ^T™ phase is composed of 

0.06% until 800-C. machining an oute X"S?iT -,ta,C,W *" WBWta 
around the outer periphery of each of tJZ^ t^^J* 0 "™' COatina a bon <*"9 material 
the bonded segments. The bonding mttriTSZ^a^S^ fT*"* l ° 9ether and dry,n9 and firin 9 
the matrix segments after the firing by no Z^toa^TZ ^T 9XPanSi ° n differem from that * 
-ding materia, being not less thanVtime ^e^LZ t^ofVe ^aT * - 
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